A formula to investigate the wave effect in a multi-lens system is presented on the basis of a path integral formalism by generalizing the work by Nakamura and Deguchi (1999). The wave effect of a system with two lenses is investigated in an analytic way as a simple application to demonstrate usefulness of the formula and variety of wave effect in multi-lens system.
Generalized Formulation
We start by reviewing the path integral formalism for gravitational lens phenomenon [6] . We consider the Newtonian spacetime with the metric ( ) 
where g is the determinant of the metric and r represents the spatial coordinates ( ) , , r θ ϕ . We consider a monochromatic wave from a point source with the wave number k. We set ( ) 
where A is a constant, then Equation (2) 
Assuming that the first term is negligible compared with the second term and
Due to analogy of Equation (5) with the Schrödinger equation, using the path integral formulation of quantum mechanics, the solution can be written as follows,
where the dot denotes the differentiation with respect to r and Θ is used to represent the variables ( ) Let us consider multi-lens system, including n lenses as shown in Figure 1 , in which the source is located at the origin of coordinate and an observer is located at ( ) ( ) explicit expression of Equation (6) is written as Equation (24) in Appendix (see also [6] ). After some computation, the path integral expression reduces to (see Θ is the variable on the mth lens plane. As expected, stationary condition of the phase of the integrand in Equation (7) reproduces the lens equation in the multi-lens system [10] ( ) 
for each 1, , m n ′ =
, which hints at a way to the geometrical optics limit. The Gaussian approximation around a stationary solution yields the result in the geometrical optics limit (see also [6] ).
Application to a Simple Configuration
In this section we consider a simple case with two lenses. However, this simplification allows us to perform integration of Equation (7) analytically. We start by rewriting Equation (7) ( ) (
with ( ) ( ) 
where α is a real number which represents a constant phase and ( ) 
we have (see [11] )
where we defined ( ) ( ) 
and we have ( )
We consider the coincidence limit that the distance between the two lenses becomes zero, i.e., 1 2 r r = . In this case, from previous investigation (e.g., [10] ),
excepting a constant phase factor. We compare our result with Eqution (20).
First, let us consider the limit 1 2 r r = , i.e., 
Summary and Conclusion
In the present paper, we have presented a general formula to investigate wave effect in multi-lens system, which has been derived with the use of path integral approach. The formula is expressed in terms of integration with respect to variables of lens planes. It is difficult to perform the integration in general cases, but a system with two Schwarzschild lenses is an example for which the integration can be performed in an analytic way. The model considered in the present paper is simplified and limited, however, it suggests variety of wave 
